We present a design for a 200 keV, 1 MW negative-ion-based beam line which is intended to serve as a proof-of-principle demonstration for the LBL surface-conversion negative ion source. The design is straightforward and conservative, and uses existing technology for all major components. An alternate beam line design is also presented, to demonstrate the advantages of reduced size and gas load and increased neutral beam power accruing from the introduction of a laser photo-detachment neutralizer. This design is less conservative, but requires only reasonable extrapolations from existing technology.
1, INTRODUCTION
The program at the Lawrence Berkeley Laboratory (LBL) to develop multiampere long-pulse negative ion sources has as its long term goal their use on multimegawatt neutral beam lines. It is therefore appropriate that, concurrent with the development of a negative ion source design, a serious study be made of its suitability for use in a realistic neutral beam line.
For this study, we chose to consider a beam line capable of quasi-dc operation (i.e., pulse lengths in excess of 30 s with a high duty factor), which could deliver a 1 MW, 200 keV beam of neutral deuterium atoms. This choice is not entirely arbitrary; at one time such a requirement was considered for neutral injection on MFTF, and more recently, was suggested as a guideline by the Office of Fusion Energy (U.S. Department of Energy) in a September 1981 review of its negative-ion-based neutral beam program.
In summary, our goal in this study was to design a beam line which would serve as a proof-of-principle demonstration for the LBL negative ion source concept. Such a demonstration would not only have to show that the source could be scaled to 10 A, but that a practical beam line could be constructed based on it. These considerations led to the following guidelines for our beam line design.
Practical System Characteristics
Included under this heading were beam line size and a beam emittance which would result in a beam of acceptable size and divergence at the target. Other important factors included gas load and pumping, and the related questions of beam losses during acceleration, as well as the design of suitable systems for beam neutralization and ion removal. 67
Use of the Simplest Existing Technology
While in the long run, tl-fis criterion might not result in the optimal design, we felt that a beam line 
